Introduction
The wide range of composites available is closely connected with the variety of components that can be combined with each other, and also the diversity of the structures obtained [1, 2] . The type of composite components influences the selection of a proper processing technique and the composite properties obtained. From among various forms of the filling component, the fibres are the most beneficial from the point of view of the composite mechanical properties.
The composite properties, besides the technological parameters of the manufacturing process and the parameters of filling fibres such as length, thickness, type of spinning finish and strength, are also affected by the type of matrix material, percentage composition of particular components, degree of their blending and the form of the fibres used. In the case of composites with a thermoplastic matrix, the filling fibres can consist either of staple or continuous filaments as well as in the form of a linear or flat fabric. The direction of fibre arrangement, flat fabric structure and the arrangement of layers to be combined can also be different. It is beneficial to use a hybrid fabric consisting of both filling fibres and fibres constituting the composite matrix. Such a type of fabric can provide a high degree of component blending in the composite.
In the case of a linear textile fabric, the highest degree of component blending is assured by hybrid yarns composed of reinforcing fibres and fibres of the matrix material, e.g. twisted or looped yarn, Kemafil, Schappe and textured yarns [3, 4] .
In the case of a flat fabric, a high blending degree is obtained by nonwoven techniques. An opportunity to process the widest range of fibres is created by the needling technique where the web as intermediate product is made by the carding system. This system makes it possible to arrange fibres in a longitudinal, crosswise or cruciform way in relation to the fabric axis. Chemical fibres can be blended with natural fibres, which are often used to make thermoplastic composites on account of the prospect of their complete utilisation.
Nonwovens owing to their great surface area, especially those made on the basis of natural fibres or active carbon fibres, are often mentioned beside spacer knitted fabrics as fibrous materials with a relatively good acoustic behaviour [5] [6] [7] [8] [9] [10] [11] [12] with respect to conventional materials such as foams.
There are known acoustic fibrous webs consisting of several layers of web made by the carding system, divided by nanofibre layers [13] . However, such materials are not a sufficiently good solution under all application conditions. Sometimes a sound absorbent in the form of a composite meeting specified requirements resulting from exploitation conditions is required to be used. Composites, depending on their structure, can fulfil various expectations connected with their strength, rigidity, resistance, weight, thickness or surface quality. However, there are still only few research results available concerning composite materials with sound absorbing properties [10] .
following technological parameters: kind of needles -15 x 18 x 40 x 3½ RB; number of needle punching -40/cm 2 ; depth of needle punching -12 mm. Five variants of blended nonwovens were made with various percentage contents of constituent fibres: 1. 90% of PLA fibres and 10% of viscose fibres -symbol "90/10" 2. 80% of PLA fibres and 20% of viscose fibres -symbol "80/20" 3. 70% of PLA fibres and 30% of viscose fibres -symbol "70/30" 4. 60% of PLA fibres and 40% of viscose fibres -symbol "60/40" 5. 50% of PLA fibres and 50% of viscose fibres -symbol "50/50" and for comparison purposes: 100% PLA nonwoven.
Manufacturing of composites

With a smooth surface
The composites were manufactured on a hydraulic press machine with a water-cooling system (Hydromega, Poland). The upper and lower mold plates were smooth. The multilayer nonwoven's structure was wrapped by Teflon foil to prevent the molten polymer propagation during the pressing process under the following conditions:
1. Heating up to 170°C, upper plate not maximally pressed down, 2. Consolidation during 5 min at 0.27 MPa, 3. Cooling to 25 °C at 0.27 MPa.
With a relief-imparted surface
In addition to the composites with smooth surfaces, composites with a relief-shaped surface were made of the selected nonwoven. These composites were investigated in order to increase the sound absorption in an easy and inexpensive way. To obtain a composite with a diversified surface structure, a Teflon plate with orifices was used to produce flattened protrusions on the given composite surface. Depending on the orifice diameter of the plate used (f = 5, 10, 13 and 17 mm), the protrusion size was different. During the pressing process with the plate, the pressure used was 0.25 MPa. The composite thickness with flattened protrusions was diversified on its surface area: on the protrusion spots it was greater amounting to 5.9 mm at the average, while between the protrusions it was smaller amounting to 4.3 mm.
Methods
The mass per square metre of nonwovens was established according to the standard PN-EN 29073-1 (ISO 9073-1) and the thickness of composites according to the standard ISO 9073-2. The density of composites was calculated from the mass per square metre and thickness. The acoustic properties of composites were measured by means of a small-sized impedance tube type 4206 (Brüel&Kjaer, Denmark) using two quarter-inch Condenser Microphones Type 4187 ( Figure 1 ). The physical sound absorption coefficient (a quotient of acoustic energy absorbed by the given material to the energy of acoustic incident wave) was determined for each sample by the method using the coefficient of standing wave, according to the standard procedure: PN-EN ISO 10534-1 in the frequency range of 500-6400 Hz. The diameter of the samples investigated was equal to 29 mm.
resistance of air flowing through them. The density of material exerts, however, a greater influence on sound absorption than the fabric thickness or weight [10] . In the case of composites, the values of sound absorption coefficients are small for low frequencies and usually they increase with increasing frequency. Nowadays, more and more one tends to obtain new sound absorbing materials with appropriately good properties of sound absorption, high stability and resistance to various factors, and with proper form and surface quality, as well as the price being attractive [2, 14, 15] . A promising solution, in respect of both economy and acoustic properties of the material obtained, would be the use of waste fibres, especially environmentally friendly ones [15] [16] [17] [18] [19] .
In this study, we created thermoplastic composites based on the environmentally friendly components, each of which was used in a fibrous form. The packages subjected to pressing consisted of needled nonwoven layers with various percentage contents of filling fibres and matrix fibres. Two types of composites with a smooth surface and with a relief-imparted surface were made. The aim of the study was to compare the sound absorbing properties of the nonwovens and the composites made of them as well as to determine the dependence of the composite sound absorbing properties on the percentage content of filling fibres. The point was also to impart a texture to the composite surface that could increase its sound absorption.
Experimental
Materials
As a material of composite matrix, polylactide (PLA) fibres 6.7 dtex/64 mm characterised by melting point in the range of 165-170°C were used. PLA fibres, under the name of Ingeo Fibre type SLN2660D, with a finishing composition containing PLA resin and no hazardous compounds, were provided by the Far Eastern Textile Ltd. (Taiwan). These fibres made of aliphatic polyester are completely biodegradable and pose no significant hazard to the environment.
Standard manmade Viscose fibres 4.4 dtex/70 mm, characterised by the destruction point at 174-190°C, were used as the composite filling.
Manufacturing of nonwovens
The thermoplastic model composites were obtained from the nonwoven multilayer structures.
The latter were made of needled nonwovens obtained from PLA and viscose fibres with various percentage contents. For comparison purposes, a PLA nonwoven was made. Depending on the mass per square metre of the given nonwoven, the number of its layers in the package was appropriately selected.
Needle punched nonwovens were manufactured from the fleece with cross system of fibre's arrangement, which was obtained on the roller card. Needle punching of fleece layer was carried out on the needle punching machine Asselin (France) at the The number of layers in the multilayer structure was from 6 to 10 depending on the nonwoven surface mass.
The measurement results of the sound absorption by the packages composed of several layers of the given nonwoven are shown in Figure 2 . The number of layers was the same as that in the preparation of composites. The symbols of nonwovens are given in the legend.
The absorption coefficient of nonwovens generally increases with increasing sound wave frequency for all ranges. For the following nonwovens, 100/0, 80/20, 70/30 and 60/40, the absorption coefficient-frequency dependences are very similar. The maximum of the absorption coefficient of these nonwovens is about 0.9 and above at sound frequency of 6400 Hz. The absorption coefficient-sound frequency dependence of nonwoven 50/50 is similar to the above ones but the values of absorption coefficient are slightly lower and the maximum value is about 0.75. The absorption coefficient of nonwoven 90/10 increases from the beginning of sound frequency range to 4000 Hz and in this range it is higher than of other nonwovens. Next, from 5000 Hz it is weakly lowered. At 5000 Hz, the value of absorption coefficient is 0.85, and at the frequency of 6400 Hz it amounts to 0.82. Such irregular dependence of sound absorption coefficient versus frequency for regular
Results
Nonwovens
In order to obtain multilayer structures with diversified percentage of components, five variants of hybrid needle punched nonwovens from PLA and viscose fibres blends were manufactured. The PLA fibre content was changed from 90% to 50% and viscose fibre content from 10% to 50% to prepare nonwovens with the following PLA and viscose fibre composition: 90/10, 80/20, 70/30, 60/40 and 50/50, respectively (Table 1) . The absorption coefficient of composites with filling fibres generally increases with increasing sound wave frequency for all ranges, as for nonwovens. The values of sound absorption coefficient of the composite materials are slightly lower than the corresponding values for nonwovens, because the material structure changes during the pressing process.
The material prepared from nonwoven of 100% PLA fibres is characterised by the least value of sound absorption. The character of the absorption coefficient-sound frequency dependence is different than that in the case of PLA/viscose composites. The absorption coefficient within the range of 1000-4000 Hz is constant at the level of 0.1, and then it increases strongly to the value of 0.4.
Such small values of absorption coefficient are due to the uniform structure of the PLA material similar to plastic, with less porosity (density of the 100% PLA material is more higher than density of PLA/viscose composites, and close to density of the PLA fibres: 1250 kg/m 3 from the literature [18, 21] and 1162 kg/m The character of the absorption coefficient-frequency dependence of the composite 90/10 is similar to those of the composites with symbols 80/20, 70/30, 60/40 and 50/50 till the frequency of 3750 Hz. From this value, for high-frequency sounds, the absorption coefficient is increasing more strongly than for other composites characterised by the considerably lower density, which is consistent with literature data [10] . The maximum of the absorption coefficient for this composite is 0.95.
growing parameter of nonwovens is observed in investigations of other authors [20] . They studied the absorption coefficient for nonwovens with various thickness.
Composites with a smooth surface
From each kind of nonwovens, the composites with a smooth surface were manufactured. The characteristics of composites obtained between plane plates are presented in Table 2 . In the case of the composites obtained with similar thicknesses, one can observe a dependence of composite density on the content of filling fibres. The composite density decreases with increasing content of filling fibres. The density of the material obtained by pressing the PLA nonwoven, containing no filling fibres, amounts to 1321 kg/m 3 , while a 10% content of filling fibres in the composite decreases the composite density to 520 kg/m 3 , and the filling fibres content of 50% decreases the composite density to 177 kg/m 3 . Figure 3 shows the sound absorption coefficient of composite materials with various fibre compositions as a function of frequencies. with a diameter at their base exceeding 10 mm considerably increase the sound absorption coefficient. The optimal increase is obtained for composites containing protrusions with diameters in the range of 13-17 mm. The sound absorption coefficient of the composites with protrusions of diameters 13 and 17 mm slightly decreases at high frequencies. So, further increase in the diameter of the protrusions on the composite surface is not recommended. The character of sound absorption dependence on the dimensions of protrusions situated on the composite surface probably results from the relationship between dimensions of places responsible for sound focus and sound wavelength [10] . This problem is too complicated to clearly explain on the basis of these preliminary studies and requires subsequent, separate investigations.
Conclusions
The absorption coefficient of the PLA/viscose nonwovens investigated generally increases with increasing sound wave frequency within its whole range. An exception is in the case of one variant of nonwovens, i.e. 90/10, where at high frequencies, that is, from 5000 Hz, the sound absorption slightly decreases.
The pressing process of PLA/viscose nonwovens made it possible to obtain equally thick thermoplastic sound absorbing composites causing only a decrease in the sound absorption coefficient of the material.
The optimal content of filling fibres in the sound absorbing composites manufactured from the PLA/viscose nonwoven is 10 wt.%.
Composite 60/40, despite having the highest thickness and a relatively low density, did not show the highest sound absorption. In the case of composite 50/50 with the lowest density, highest softness and a relatively high thickness, the values of the sound absorption coefficient are at the highest level but only for the frequencies not exceeding 3200 Hz. At high frequencies exceeding 3200 Hz, the highest sound absorption is shown by composite 90/10 with the highest density among studied composites. In accordance with the literature [10] , fabric density has more effect than fabric thickness or weight on sound absorption. Generally, for porous materials as studied composites, low density gives high sound absorption coefficient at low frequencies, but high density gives high sound absorption coefficient at mid and high frequencies and this problem is very complicated [22, 23] .
Composites with a relief-imparted surface
Further tests were carried out to increase the sound absorption coefficient of composites by their modification. The modification consisted in imparting a relief, characterised by uniformly distributed protrusions (Figure 4) , to one surface of composite 80/20.
The thickness of the composite samples between the protrusions amounted to 4.3 mm at the average while the thickness of samples on the protrusion spots, in their middle part, was 5.9 mm on an average. The results of the sound absorption coefficient of composites with protrusions as a function of sound frequency are presented in Figure 5 .
The imparting of relief to the composite surface generally increases the sound absorption. The value of the sound absorption coefficient depends on the protrusion size. A protrusion with a diameter at its base amounting to 5 mm does not increase the coefficient of sound absorption. The protrusions 
